Six strains, TKU 25, TKU 28, TKU 30, TKU 31 T , TKU 33 and TKU 34, were isolated from the oral cavity of a chimpanzee (Pan troglodytes). Colonies of strains grown on Mitis-Salivarius agar were similar in morphology to that of Streptococcus mutans. The novel strains were Gram-stainpositive, facultatively anaerobic cocci that lacked catalase activity. Analysis of the partial 16S rRNA gene sequences of these isolates showed that the most closely related strain was the type strain of S. mutans (96.4 %). The next closely related strains to the isolates were the type strains of Streptococcus devriesei (94.5 %) and Streptococcus downei (93.9 %). These isolates could be distinguished from S. mutans by inulin fermentation and alkaline phosphatase activity (API ZYM system). The peptidoglycan type of the novel isolates was Glu-Lys-Ala 3 . Strains were not susceptible to bacitracin. On the basis of phenotypic characterization, partial 16S rRNA gene and two housekeeping gene (groEL and sodA) sequence data, we propose a novel taxon, Streptococcus troglodytae sp. nov.; the type strain is TKU 31 T (5JCM 18038 T 5DSM 25324 T ).
The genus Streptococcus includes Gram-stain-positive, facultatively anaerobic, catalase-negative cocci that exist in pairs or chains. The genus Streptococcus has been separated into six major clusters based on 16S rRNA gene sequences, i.e. the 'anginosus', 'bovis', 'mitis', 'mutans', 'pyogenic' and 'salivarius' groups (Kawamura et al., 1995) . The mutans streptococci are prevalent within the oral cavity of human and animals and aetiologically accepted as the main bacteria of dental caries, because they possess acidogenicity, glucan productivity and aciduric activities. These bacteria are known to form characteristic colonies on Mitis-Salivarius (MS) agar plates demonstrating extracellular polysaccharide synthesis. Previously, the mutans group has been described as containing seven species: Streptococcus mutans, Streptococcus sobrinus, Streptococcus criceti, Streptococcus ratti, Streptococcus macacae, Streptococcus downei and Streptococcus ferus (Beighton et al., 1984; Whiley et al., 1988; Whiley & Beighton, 1998) . Additional novel species, such as Streptococcus devriesei from horses, Streptococcus orisuis from pigs, Streptococcus dentirousetti from bats, Streptococcus dentapri from wild boars 3These authors contributed equally to this work. and Streptococcus ursoris from bears have been reported (Collins et al., 2004; Takada & Hirasawa, 2007 Takada et al., 2010; Shinozaki-Kuwahara et al., 2011) . Recently, housekeeping gene sequences, as well as the 16S rRNA gene sequences, have been identified as being important for the evaluation of the taxonomic position of the micro-organisms (Christensen et al., 2004; Hung et al., 2005; Okamoto et al., 2008; Glazunova et al., 2009) . S. ferus and Streptococcus massiliensis were not within any of the currently recognized streptococcal groups based on analysis of housekeeping gene sequences (Whatmore & Whiley, 2002; Glazunova et al., 2006) .
We collected a number of oral isolates, which produced extracellular polysaccharide on MS agar plates, during medical checks of chimpanzees (Pan troglodytes) housed in the facility of the Primate Research Institute, Kyoto University (http://www.pri.kyoto-u.ac.jp/index-j.html). Six strains, TKU 25, TKU 28, TKU 30, TKU 31 T , TKU 33 and TKU 34, were isolated from the oral cavities of three different chimpanzees and cultured on trypticase soy broth (TSB; BBL Microbiology Systems) in an Anaero Box (Forma Scientific) under an atmosphere of 80 % N 2 , 10 % CO 2 , and 10 % H 2 at 37 u C. The production of water insoluble extracellular polysaccharide was confirmed by the adherence ability of cells to a glass surface in the presence of sucrose in TSB without glucose.
For determination of the phenotypic characteristics, API 50CH, API Rapid ID 32 Strep and API ZYM systems (bioMérieux) were used and tests were performed in triplicate as recommended by the manufacturer. Cells from agar plates were suspended in sterile water, inoculated onto the test strips and incubated in air for 4 h (for API Rapid ID 32 Strep and API ZYM) or in an anaerobic box (for API 50CH) at 37 u C for 48 h. The major differentiating characteristics of strain TKU 31 T and strains of related bacteria are shown in Table 1 . In our parallel study with the type strain of S. mutans (NCTC 10449 T ), strain TKU 31 T could be distinguished from S. mutans by inulin fermentation and alkaline phosphatase activity (API ZYM system). Alkaline phosphatase activity of strain TKU 31 T was at grade 2 to 3 in the API ZYM system, but was negative in the API Rapid ID 32 Strep system; these differing results may be caused by the different substrates used in these assay systems. The results of the fermentation characteristics in S. mutans were the same as previously reported (Takada & Hirasawa, 2007 Takada et al., 2010; Shinozaki-Kuwahara et al., 2011) . However, the amygdalin activity in some isolates of S. mutans has been reported as variable (Whiley & Beighton, 1998) . The bacitracin test is useful for the identification of the mutans streptococci (Whiley & Beighton, 1998; Takada & Hirasawa, 2007 Takada et al., 2010; ShinozakiKuwahara et al., 2011) . Strain TKU 31
T was not susceptible to bacitracin (0.2 units ml 21 ), which enabled it to be distinguished from S. downei and S. macacae isolated from the dental plaque of monkeys (Whiley & Beighton, 1998) .
Bacterial DNA was extracted using the Wizard Genomic DNA Purification kit (Promega) according to the manufacturer's instructions. DNA concentration was determined spectrophotometrically (Beckmann Coulter DU800). HPLC was used to determine the DNA G+C content (Ezaki et al., 1990) . The DNA G+C content of strain TKU 31 T was 38 mol%, which was similar of those reported previously for S. mutans (36-38 mol%), S. macacae (35-36 mol%) and S. ursoris (33-35 mol%) (Beighton et al., 1984; Whiley & Beighton, 1998; Shinozaki-Kuwahara et al., 2011) .
The partial 16S rRNA genes of the six strains were amplified by PCR and sequenced using previously described PCR primers (Sakamoto et al., 2002) . The housekeeping genes of the PCR amplification and sequencing primers were designed from the sequences of the S. mutans UA159 whole genome (NC_004350). For PCR amplification of the groEL (5hsp60) genes, which encode heat-shock protein 60, sequences of the forward (MO-199) and reverse (MO-200) primers were 59-GGAATGCAATTTGATCGCG-39 and 59-AAGAGCACGCAGAACAAGAT-39, respectively. For PCR amplification of the sodA gene, which encodes manganesedependent superoxide dismutase, sequences of the forward (MO-203) and reverse (MO-204) primers were 59-TT-CATCATGATAAGCATCAT-39 and 59-AGATAATAAGCG-TGTTCCCAGACATC-39, respectively. The PCR-amplified 16S rRNA, groEL and sodA genes from the isolates were purified using the MinElute Reaction Cleanup kit (Qiagen). Cycle-sequencing reactions were performed using a BigDye Terminator v1.1 cycle sequencing kit (Applied Biosystems) and an ABI PRISM 310 Genetic Analyzer (Applied Biosystems). Related sequences were aligned using the CLUSTAL_X v. 2.1 software (Larkin et al., 2007) . Nucleotide substitution rates (K nuc values) were calculated (Kimura, 1980) and phylogenetic trees were constructed by the neighbour-joining method (Saitou & Nei, 1987) . The calculation of pairwise similarities of the 16S rRNA, groEL and sodA gene sequences was achieved using the EzTaxon server (http://www.eztaxon.org/; Chun et al., 2007) .
We constructed a phylogenetic tree based on partial 16S rRNA gene sequences in the genus Streptococcus. The tree was rooted using Lactococcus lactis subsp. lactis IL1403 ( Fig.  1 ; an extended version of this tree is available as Fig. S1 in IJSEM Online). Phylogenetic analysis demonstrated that strain TKU 31
T clustered with the type strains of S. mutans, S. devriesei, S. ratti and S. ursoris with a high bootstrap value (77-100 %). The other streptococci, including S. sobrinus, S. downei, S. dentirousetti, S. orisuis, S. criceti, S. dentapri and S. macacae, formed one cluster with a nonsignificant bootstrap value. Pairwise analysis of a partial 16S rRNA gene sequence (1452 bp) of strain TKU 31 T demonstrated that the most closely related strain was the type strain of S. mutans, which had a similarity of 96.4 %, a value less than 97 %, the threshold value for defining different species. The next most closely related species to the isolates were the type strains of S. devriesei (94.5 %) and S. downei (93.9 %). The 16S rRNA gene sequences of TKU 25 (AB679296) and TKU 28 (AB679297) were the same as that of the type strain TKU 31 T (AB679299); the similarity values of TKU 30 (AB679298), TKU 33 (AB679300) and TKU 34 (AB679301) with the type strain (TKU 31 T ) were 99.9, 99.6 and 99.9 %, respectively. Glazunova et al. (2009) reported that the groEL gene sequence was a powerful tool for establishing phylogeny of Streptococcus species based on a comparison of the phylogenies of groEL, rpoB, gyrB and sodA genes. Hung et al. (2005) performed a phylogenetic analysis based on groEL gene sequence comparison of the mutans streptococci (S. sobrinus, S. downei, S. criceti, S. ratti and S. mutans). All strains of these species clustered together, but with a nonsignificant bootstrap value of 56 %, and two subclusters were noted. On the other hand, the two subgroups did not cluster together the phylogenetic tree of the groES gene.
In the present study, two phylogenetic trees based on housekeeping gene sequences, i.e. groEL (Fig. S2 T clustered with strains of S. mutans, S. ursoris S. devriesei, S. ratti and S. macacae with a high bootstrap value (81-100 %). The groEL gene sequence (579 bp) similarities of strain TKU 31 T with the type strains of S. mutans and S. ursoris were 97.7 and 97.5 %, respectively. The sodA gene sequence (387 bp) similarity of strain TKU 31 T with the type strain of S. mutans was 96.9 %. The similarity values of the Whiley & Beighton (1998) ]; 3, S. devriesei (Collins et al., 2004) ; 4, S. downei (Whiley et al., 1988) ; 5, S. sobrinus (Whiley & Beighton, 1998) ; 6, S. dentirousetti (Takada & Hirasawa, 2008) ; 7, S. orisuis (Takada & Hirasawa, 2007) ; 8, S. criceti (Whiley & Beighton, 1998) ; 9, S. ferus (Baele et al., 2003) ; 10, S. macacae (Beighton et al., 1984) ; 11, S. dentapri (Takada et al., 2010) ; 12, S. ratti (Whiley & Beighton, 1998) Fig. S1 .
housekeeping genes were slightly higher than those of 16S rRNA gene. Hung et al. (2005) reported the pairwise similarity of the groEL gene of eight reference strains of the mutans streptococci; the groEL gene sequence similarities among the eight reference strains ranged from 77.7 to 89.1 %, whereas those in various serotypes of S. mutans ranged from 99.5 to 99.9 %.
Serotype was determined by the PCR methods as described previously (Shibata et al., 2003; Nakano et al., 2007) . The isolates possess the serotype c polysaccharide antigen. The murein type was Glu-Lys-Ala 3 , which could be distinguished from those of S. mutans, S. ratti and S. ferus (LysAla 2-3 ), and those of S. sobrinus, S. criceti and S. downei (Lys-Thr-Ala) (Whiley & Beighton, 1998) .
On the basis of the phenotypic and phylogenetic criteria, strains TKU 25, TKU 28, TKU 30, TKU 31 T , TKU 33 and TKU 34 represent a novel species of the genus Streptococcus, for which the name Streptococcus troglodytae sp. nov. is proposed.
Description of Streptococcus troglodytae sp. nov.
Streptococcus troglodytae [tro.glo.dy9ta.e. N.L. n. troglodytes (from Gr. n. trōglodutēs) one who creeps into holes and also the specific epithet of the common chimpanzee (Pan troglodytes); N.L. gen. n. troglodytae of/from Pan troglodytes].
Cells stain Gram-positive, are non-spore-forming cocci, 0.5-0.7 mm in diameter and occur in pairs or short chains. Colonies are white, a-haemolytic and 0.75-1.00 mm in diameter after incubation on blood agar at 37 u C for 24 h. On MS agar, colonies are small, dark blue and crinkled. The type strain, TKU 31 T (5JCM 18038 T 5DSM 25324 T ), was isolated from the chimpanzee oral cavity. The DNA G+C content of the type strain is 38 mol%.
